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PRESSURE DISTRIBUTIONS ON 140°, 160°, AND 180° CONES 
AT MACH NUMBERS FROM 2.30 TO 4.63 AND 
ANGLES OF ATTACK FROM 0° TO 20° 

By James F. Campbell and Dorothy H. Tudor 
Langley Research Center 

SUMMARY 

An experimental investigation has been conducted to obtain surface -pressure dis- 
tributions on spherically blunted cones with apex angles of 140°, 160°, and 180° (flat disk);. 
The 140° and 160° cones had a ratio of nose radius to base radius of 0.25. The studies 
were conducted at Mach numbers from 2.30 to 4.63 and at angles of attack from 0° to 20°. 

Results of this study indicated that an increase in cone angle or angle of attack or 
both leads to an increase in pressure windward of the measured stagnation point; a 
decrease in cone angle or an increase in angle of attack leads to a decrease in pressure 
leeward of the measured stagnation point. Mach number has little effect on the pressure 
distributions for the cones at zero angle of attack. At angles of attack greater than zero, 
an increase in Mach number results in a decrease in pressure on the leeward side of all 
the configurations. A correlation parameter successfully correlates the stagnation-point 
locations for the entire range of test Mach number, cone angle, and angle of attack; an 
empirical representation of this correlation is in good agreement with the experimental 
results. Pressure distributions obtained on the cone models at zero angle of attack are 
in good agreement with a theoretical solution based on the one -strip method of integral 
relations. Circumferential pressure distributions on large-angle conical bodies are 
amenable to approximation by second-order polynomials. 

INTRODUCTION 

Vehicles with low ballistic coefficients (i.e., high aerodynamic drag) are being con- 
sidered for use as unmanned probes to traverse planetary atmospheres. The function of 
this type of vehicle is to protect the payload from the severe loading and heating environ- 
ments associated with entry while providing sufficient aerodynamic deceleration. One 
particular body shape which appears to be amenable to this type of mission is the large - 
angle cone (ref. 1). Optimization of the conical shape for a particular mission profile is 
dependent on an adequate knowledge of local flow properties, local aerodynamic heating 



rates, and local structural loading. These criteria can be determined from surface - 
pressure distributions. The experimental investigations of references 2 and 3 provide 
pressure distributions on a 120° cone. For the purpose of optimization, the acquisition 
of similar pressure data on cones with larger apex angles is desirable. 

The present investigation was undertaken to obtain surface -pressure distributions 
on 140°, 160°, and 180° cone configurations. The 140° and 160° cones had a ratio of nose 
radius to base radius of 0.25; the 180° cone was a flat disk. The data were obtained at 
Mach numbers from 2.30 to 4.63 and at angles of attack from 0° to 20°. Reynolds num- 
ber for these studies was 2.0 x 10 6 based on model (base) diameter. 

SYMBOLS 


A,B,C constants (see eq. (3)) 

P, - P„ 

C n pressure coefficient, — 

^ ^OO 

D base diameter 


M i 

Mco 

P L 

h 

Pt 

p t,2 

PW 

Poo 

Ooo 

r b 


local Mach number 
free -stream Mach number 

local static pressure along leeward ray ( 8 = 0°) for a > 0° 

local static pressure 

free-stream stagnation pressure 

stagnation pressure behind a normal shock 

local static pressure along windward ray (8 = 180°) for a > 0° 

free-stream static pressure 

free-stream dynamic pressure 

base radius 

nose radius 
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s 


surface length (see fig. 1) 


s* total surface length (i.e., surface length from most forward station on model 

to shoulder corner) (see fig. 1) 

(s/s*) cr , stagnation -point location 

&p 

a 

P 
r 


angle of attack 


nondimensionalized parameter used to correlate stagnation -point location, 


a 


(see eq. (8)) 


120 ° - <y e 
ratio of specific heats 


9 meridian angle 

o c cone semiapex angle 

(f) roll angle 


APPARATUS AND TESTS 
Wind Tunnel 

Studies were performed in the high Mach number test section of the Langley Unitary 
Plan wind tunnel, which is a variable -pressure continuous -flow facility. The test section 
is approximately 4 feet (1.22 meters) square and 7 feet (2.13 meters) long. The nozzle 
leading to the test section is of the asymmetric sliding-block type, which permits a con- 
tinuous variation in the test-section Mach number from about 2.30 to 4.63. 

Models and Instrumentation 

Details of the cone models with apex angles of 140°, 160°, and 180° are presented in 
figure 1. The models were constructed of polished aluminum and had sharp shoulders. 
The 140° and 160° cone models had spherically blunted noses, the radii of which were 
25 percent of the magnitude of the base radii. Some amount of thickness was necessary 
for the 180° cone (flat disk) to facilitate the installation of the pressure orifices. A sharp 
shoulder was produced in the 180° cone by the 15° bevel illustrated in figure 1(b). Base 
diameter of all the models was 8.00 inches (20.32 cm), and the sting utilized for the 
studies had a diameter of 1.50 inches (3.81 cm). The surfaces of the 140° and 160° cone 
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models were instrumented with 49 pressure orifices, whereas the 180° cone model was 
instrumented with 45 pressure orifices. (See fig. 1.) Internal diameter for the pressure 
orifices was 0.050 inch (0.127 cm). The orifices were located along the meridians 
0 = 0°, 90°, 180°, and 270°. 

The pressures were recorded by using two 48-channel pressure -sampling valves 
which sequentially transmit each pressure sampling to an electrical pressure transducer. 
The transducer transforms the pressure information into an electrical signal which is 
then recorded in digital form on punch cards. The two gages had a maximum range of 
10.0 psia (6.89 N/cm 2 ). 


Accuracy and Test Conditions 

The accuracy of the pressure -sampling values is within 1 percent of the full-scale 
range of the gage; this accuracy includes all errors of linearity, hysteresis, and repeat- 
ability. The stagnation pressure was measured with a precision mercury manometer, 
the accuracy of which is ±0.5 psf (±23.94 N/m2). The models were tested at free-stream 
Mach numbers of 2.30, 2.96, 3.95, and 4.63 for a Reynolds number of 2.0 x 10 6 based on 
model (base) diameter. The results of a test-section calibration indicated the following 
deviations in Mach number: 


For Moo = 2.30 ±0.02 

For Moo = 2 -96 ±0.02 

For M to = 3.95 ±0.06 

For Moo = 4.63 ±0.05 


Tunnel stagnation temperatures were 150° F (338.7° K) at Moo = 2.30 and 2.96 
and 175° F (352.6° K) at Moo = 3.95 and 4.63. Pressure data were obtained for the 
models at angles of attack from 0° to 20° for a zero sideslip condition. Circumferential 
pressure distributions were obtained by rolling the model from 0° to 90° at constant 
angles of attack. Boundary -layer trips were not affixed to the models and base pressure 
measurements were not made. 

TABULATION OF EXPERIMENTAL DATA 

The experimental pressure data obtained during the course of this investigation are 
presented in tables I to XU. Listed along with the measured static pressures are the 
pressure coefficients and Mach numbers. The values of p^P t 2 an£ * are b asec * ° n 

the computed stagnation pressure behind a normal shock, which was obtained from normal 
shock relations, together with free-stream Mach number and stagnation pressure. The 
isentropic flow equation used to calculate Mj is 
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where the value y was taken to be 1.4. 

Each pressure listed in the tables is identified by an orifice number (as defined in 
fig. 1) and the associated meridian angle and surface length. Surface length is presented 
nondimensionalized by both the base diameter D and the total surface length s*. For 
the spherically blunted cone, as illustrated in the sketch, the total surface length is found 
to be 



An index to the tabular data is as follows: 



*Each table is divided into five parts with part (a) being 
for a = 0°, part (b) for a = 5°, part (c) for a = 10°, part (d) 
for a= 15°, and part (e) for ar= 20°. 
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It should be noted that the data for orifice 29 on the 140° cone were incorrect 
because of leakage and are not presented in the tables. 

RESULTS AND DISCUSSION 

The discussion presented herein is limited to the effects of cone angle, angle of 
attack, and free-stream Mach number on the variation of local static pressure. 

Experimental Pressure Distributions 

The effect of cone angle on the pressure distributions can be seen in figure 2, in 
which the local static pressures, nondimensionalized by stagnation pressure behind a 
normal shock, are plotted as a function of local surface length, nondimensionalized by 
total surface length. These results are presented for a free-stream Mach number of 
2.96 and for angles of attack of 0°, 10°, and 20° and are typical of those results obtained 
at the other test Mach numbers. Experimental data for a 120° cone (ref. 2), having the 
same percentage of nose bluntness as the 140° and 160° cone models of the present 
investigation, are included for comparison. 

As shown in figure 2, at zero angle of attack, an increase in cone angle results in 
an increase in pressure over the entire face of the cone, and the stagnation point (indi- 
cated by the maximum measured pressure) is located, as expected, at the apex of the 
cones regardless of cone angle. At an angle of attack of 10°, the stagnation point shifts 
to the windward side of the cones, and the pressures in the direction of the windward 
shoulder become noticeably greater than those for the a = 0° condition. Further 
increase in angle of attack accentuates this shift in stagnation-point location and increase 
in pressure. Similarly, for angles of attack greater than 0°, an increase in cone angle 
leads to a further shift in stagnation -point location toward the windward shoulder. 
Increasing cone angle also results in increases in the pressures located between the 
stagnation point and the windward shoulder; however, the greatest pressure increase for 
an increase in cone angle occurs at zero angle of attack. 

For the cones at an angle of attack greater than 0°, the expanded flow around the 
spherical nose results in decreases in pressure from the maximum value at the stagna- 
tion point; this decrease in pressure toward the leeward side becomes more significant 
with decrease in cone angle and increase in angle of attack. The data indicate the exist- 
ence of an adverse pressure gradient near the sphere-cone juncture on the leeward sides 
of the 120° cone at a = 10° and the 120° and 140° cones at a = 20°. Increasing cone 
angle from 120° decreases the strength of the expansion and adverse pressure gradient, 
so that a uniform pressure distribution exists on the flat disk (180° cone). 
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The experimental results presented in figure 2 for the models at a = 0° and 
Mco = 2.96 are compared in figure 3 with the results from the one -strip method of 
integral relations described in reference 4. The pressures predicted by the integral- 
relations method are in good agreement with the experimental values for all the cone 
models. A maximum deviation in agreement occurs at a value of s/s* of about 0.8, 
where the theoretical predictions are approximately 3 percent less than the experimental 
values. 

The effect of angle of attack on the pressure distributions of the three cone models 
is more clearly illustrated in figures 4 to 6 for all the test Mach numbers. The curves 
faired through the pressure data are extrapolated to the sonic condition which theoreti- 
cally exists at the shoulder. As previously indicated, an increase in angle of attack 
results in higher pressures on the windward side and lower pressures on the leeward 
side. A progressive shift in the stagnation point toward the windward shoulder is noted 
as angle of attack is increased to the highest test value. The adverse pressure gradient 
located near the sphere-cone juncture on the leeward side of the 140° cone (mentioned 
previously) is seen in figure 4 to increase with increased angle of attack. Similar trends 
in pressure distribution exist for the 160° cone, as shown in figure 5, though to a lesser 
degree than exist for the 140° cone. Increasing cone angle and decreasing angle of attack 
have similar effects on the pressure distributions on the leeward side of the models; 
increasing cone angle and increasing angle of attack have similar effects on the pressure 
distributions on the windward side. 

The data presented in figures 7 to 9 illustrate the effect of free-stream Mach num- 
ber on the pressure distributions for the cone models at angles of attack of 0°, 10°, and 
20°. At a = 0°, only small effects of Mach number are seen for the different cone con- 
figurations. The small differences in pressure between the 0° and 180° meridians noted 
at the highest test Mach numbers are probably due to slight data acquisition inaccuracies. 
At angles of attack greater than 0°, the pressures windward of the stagnation point are 
relatively insensitive to increase in Mach number, whereas the pressures leeward of the 
stagnation point decrease with increased Mach number. This decrease in pressure is 
particularly obvious near the sphere-cone juncture. An increase in angle of attack 
increases this Mach number effect. 

Pressures obtained by rolling the cone models from 0° to 90° at a constant angle of 
attack are presented in figures 10 to 12 for M^ = 2.96. Data shown for 0° = 6 = 90° 
were actually obtained in the quadrant 270° = 6 ~ 360°, but since the flow is symmetrical 
about the plane of symmetry, they are presented as a continuous variation of 9 from 0° 
to 180°. For each s/D station for which circumferential pressure distributions are 
shown, local pressure is nondimensionalized by the pressure along the windward meridian 
(6 = 180°). Plotted in this form, the circumferential pressures show progressively 
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larger variations from the windward meridian (0 = 180°) to the leeward meridian (0 = 0°) 
at increased distances from the nose or at larger angles of attack or both. 

Analytical Pressure Distributions 

Attempts have been made by several investigators to curve-fit the type of circum- 
ferential pressure distributions plotted in figures 10 to 12 by using a second-order poly- 
nomial of the form 


P; 9 

-r- = A cos^0 + B cos 0 + C 
PW 


(3) 


In particular, reference 2 has shown that equation (3) provides good agreement with 
experimental pressures obtained on a 120° cone if the following conditions are met: 

At 0 = 0°, 

= £l 
Pw Pw 


at 0 = 180°, 


PW 


1 


and at 0 = 0°, 


d2_/V\ 

d0 2 \Pw/ 


= 0 


By using these conditions, equation (3) becomes 


7 T" = 4(l - |^h(cos 20 " 2 cos 0 - 3) + 1 (4) 

% n ¥ 1 

The circumferential pressure distributions predicted by this expression for the 120° cone 
are seen in figures 10 to 12 to provide good agreement with the measured values of the 
140°, 160°, and 180° cone data; however, some degradation of agreement is noted with 
increased cone angle. The circumferential pressure distributions on a flat disk also have 
been approximated by the following empirical expression, which was derived by Robert L. 
Stallings, Jr., of the Langley Research Center: 

|L = (1 . Ek](o.072 cos 2 0 - 0.500 cos 0 + 0.428) + (5) 

PW \ Pw j K ' pw 
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The curves derived from this expression are presented in figure 12 and are seen gener- 
ally to provide a better estimation of the circumferential pressure distributions on the 
flat disk than the curves given by equation (4). 

The extent to which the circumferential pressure distributions for the three cone 
models deviate from those predicted by equations (4) and (5) can be found by separating 
the variables of these equations. Equation (4) becomes 


Pw " P; 1 / o 
— — = -r(-cos 2 0 + 2 cos 0 + 3 

Pw’Pl 4V 


( 6 ) 


and equation (5) becomes 


- fy = 1 - (o.072 cos 2 0 - 0.500 cos 0 + 0.428) (7) 

Pw " P L ' 


Curves obtained from these expressions are presented in figure 13 along with experi- 
mental results obtained from figures 10 to 12 for the three cone models. It should be 
noted that the experimental results shown are averaged values obtained from the various 
conditions of s/D and a in figures 10 to 12 for which the curve fits were attempted. 
As can be seen, good agreement exists between the experimental circumferential pres- 
sures obtained for the 140° cone and those estimated by equation (6), whereas increasing 
cone angle results in greater disagreement between this expression and the experimental 
data. The circumferential pressure distribution generated by equation (7) agrees well 
with that obtained experimentally on the flat disk. These results indicate that circum- 
ferential pressure distributions on large -angle conical bodies are amenable to approxi- 
mation by second-order polynomials. 

The experimental data presented in figures 2 to 9 have indicated that the movement 
of the stagnation point along the windward meridian is dependent primarily on cone angle 
and angle of attack. An attempt was made to correlate the stagnation -point locations for 
the cone configurations of this investigation and of reference 2 by using a correlating 
parameter similar to that suggested in reference 2. Experimental stagnation-point loca- 
tion (s/s*) S p is shown in figure 14 as a function of the nondimensionalized parameter 

CL 

“ = 0* By using these experimental data, an empirical expression was generated 
by the method of least squares resulting in the following third-order polynomial equation: 



= -4.210/3 3 + 3.825/3 2 + 0.432/3 


( 8 ) 


As can be seen in figure 14, this expression yields a smooth variation in (s/s*) sp with 
/3. The maximum deviation between the experimental data and empirical curve is within 
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about 0.1 of (s/s*) SD for the entire range of cone angle, angle of attack, and Mach 
number. 


CONCLUDING REMARKS 

Local flow properties have been experimentally obtained from surface -pressure 
distributions on spherically blunted cones with apex angles of 140 , 160 , and 180 . The 
140° and 160° cones had a ratio of nose radius to base radius of 0.25; the 180° cone was 
a flat disk. The studies were conducted at Mach numbers from 2.30 to 4.63 and at angles 
of attack from 0° to 20°. Analysis of the results was limited to variations in local static 
pressure and indicated the following concluding remarks: 

1. An increase in cone angle or angle of attack or both leads to an increase in pres- 
sure windward of the measured stagnation point; a decrease in cone angle or an increase 
in angle of attack leads to a decrease in pressure leeward of the measured stagnation 
point. 

2. Mach number has little effect on the pressure distributions for the cones at zero 
angle of attack. At angles of attack greater than zero, an increase in Mach number 
results in a decrease in pressure on the leeward side of all the configurations. 

3. A correlation parameter successfully correlates the stagnation -point locations 
for the entire range of test Mach number, cone angle, and angle of attack; an empirical 
representation of this correlation is in good agreement with the experimental results. 

4. Pressure distributions obtained on the cone models at zero angle of attack are in 
good agreement with a theoretical solution based on the one-strip method of integral 
relations. 

5. Circumferential pressure distributions on large-angle conical bodies are amen- 
able to approximation by second-order polynomials. 

Langley Research Center, 

National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., February 18, 1969, 

124-07-03-12-23. 
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TABLE I.- DATA 3 FOR 140° CONE; M*, = 2.30 
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Conversion factors: 1 inch = 2.54 cm; 1 psf = 47.88 N/m z . 

Data for orifice 29 were inaccurate due to leakage and are not presented. 




TABLE I.- DATA 3 FOR 140° CONE; M*, = 2.30 - Continued 
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Data for orifice 29 were inaccurate due to leakage and are not presented. 



Continued 
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Conversion factors: 1 inch = 2.54 cm; 1 psf = 47.88 N/m . 

Data for orifice 29 were inaccurate due to leakage and are not presented. 




TABLE I.- DATA 3 FOR 140° CONE; M m = 2.30 - Continued 



Conversion factors: 1 inch = 2.54 cm ; 1 psf = 47.88 N/m 2 . 

Data for orifice 29 were inaccurate due to leakage and are not presented. 
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Conversion factors: 1 inch = 2.54 cm; 1 psf = 47.88 N/m . 

Data for orifice 29 were inaccurate due to leakage and are not presented. 




TABLE I.- DATA® FOR 140° CONE; M w = 2.30 - Continued 



Conversion factors; 1 inch = 2.54 cm ; 1 psf = 47. 88 N/mS 

Data for orifice 29 were inaccurate due to leakage and are not presented. 




TABLE I.- DATA 3 FOR 140° CONE; M*. = 2.30 - Continued 
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Conversion factors: 1 inch = 2.54 cm : 1 psf = 47. 88 N/m z . 

Data for orifice 29 were inaccurate due to leakage and are not presented. 




TABLE I.- DATA 3 FOR 140° CONE; Moo = 2.30 - Continued 
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Conversion factors: 1 inch' = 2.54 cm; 1 psf = 47.88 N/m^. 

Data for orifice 29 were inaccurate due to leakage and are not presented. 




TABLE I.- DATA 9 FOR 140° CONE; M*, = 2.30 - Concluded 
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Conversion factors: 1 inch = 2.54 cm; 1 psf = 47. 88 N/m z . 

Data for orifice 29 were inaccurate due to leakage and are not presented. 




TABLE II.- DATA 3 FOR 140° CONE; = 2.96 
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Conversion factors: 1 inch = 2.54 cm; 1 psf = 47. 88 N/m^. 

Data for orifice 29 were inaccurate due to leakage and are not presented. 





TABLE II.- DATA 3 FOR 140° CONE; Moo = 2.96 - Continued 



Conversion factors: 1 inch = 2.54 cm; 1 psf = 47.88 N/m 2 . 

Data for orifice 29 were inaccurate due to leakage and are not presented. 



DATA 3 FOR 140° CONE; Moo = 2.96 - Continued 



uonversion factors: 1 inch = 2.54 cm : 1 psf = 47.88 N/m z . 

Data for orifice 29 were inaccurate due to leakage and are not presented. 
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Conversion factors: 1 inch = 2.54 cm ; 1 psf - 47.88 N/m . 

Data for orifice 29 were inaccurate due to leakage and are not presented. 
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Conversion factors: 1 inch = 2.54 cm ; l psf = 47. 88 N/m 2 . 

Data for orifice 29 were inaccurate due to leakage and are not presented. 





Conversion factors: 1 inch = 2.54 cm; 1 psf - 47.88 N/m . 

Data for orifice 29 were inaccurate due to leakage and are not presented. 



TABLE II.- DATA 3 FOR 140° CONE; M„ = 2.96 - Continued 
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Data for orifice 29 were inaccurate due to leakage and are not presented. 




DATA 3 FOR 140° CONE; Moo = 2.96 - Continued 
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Conversion factors; 1 inch = 2.54 cm; 1 psf - 47.88 N/m 




DATA 3 FOR 140° CONE; M«, = 2.96 - Concluded 
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were Inaccurate due to leakage and are not presented. 
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Conversion factors: 1 inch = 2.54 cm; 1 psf - 47.88 N/m . 

Data for orifice 29 were inaccurate due to leakage and are not presented. 




DATA 3 FOR 140° CONE; 3.95 - Continued 
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Conversion factors: 1 inch = 2.54 cm ; 1 psf = 47. 88 N/m £ . 

Data for orifice 29 were inaccurate due to leakage and are not presented. 




TABLE III.- DATA 3 FOR 140° CONE; M w = 3.95 - Continued 



Conversion factors: 1 inch = 2.54 cm; 1 psf = 47.88 N/m . 

Data for orifice 29 were inaccurate due to leakage and are not presented. 



TABLE III.- DATA 3 FOR 140° CONE; Mco = 3.95 - Continued 
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Conversion factors: 1 inch * 2.54 cm; 1 psf = 47.88 N/m 2 . 

Data for orifice 29 were inaccurate due to leakage and are not presented. 



TABLE III.- DATA 3 FOR 140° CONE; Ml*, = 3.95 - Continued 
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Conversion factors: 1 inch = 2.54 cm; 1 psf = 47.88 N/m 2 . 

Data for orifice 29 were inaccurate due to leakage and are not presented. 




TABLE III.- DATA 3 FOR 140° CONE; M«> = 3.95 - Continued 



35 


Conversion factors: 




TABLE III.- DATA 3 FOR 140° CONE; Nl*, = 3.95 - Continued 
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Conversion factors: 1 inch = 2.54 cm : 1 psf = 47. 88 N/m 2 . 

Data for orifice 29 were inaccurate due to leakage and are not presented. 




TABLE III.- DATA 3 FOR 140° CONE; Moo = 3.95 - Continued 
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Conversion factors: 1 inch = 2.54 cm; 1 psf - 47.88 N/m . 

Data for orifice 29 were inaccurate due to leakage and are not presented. 






TABLE III.- DATA 3 FOR 140° CONE; MU, =.3.95 - Concluded 
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Conversion factors: 1 inch = 2.54 cm ; 1 psf = 47.88 N/m 2 . 

Data for orifice 29 were inaccurate due to leakage and are not presented. 



TABLE IV.- DATA 3 FOR 140° CONE; = 4.63 
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Conversion factors: 1 inch = 2.54 cm ; 1 psf - 47.88 N/m 2 . 

Data for orifice 29 were inaccurate due to leakage and are not presented. 





41 


e and are not presented. 
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TABLE IV.- DATA 3 FOR 140° CONE; M w = 4.63 - Continued 
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Conversion factors: 1 inch = 2.54 cm ; 1 psf = 47.88 N/m 2 . 

Data for orifice 29 were inaccurate due to leakage and are not presented. 
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Conversion factors: 1 inch = 2.54 cm; 1 psf - 47.88 N/m . 

Data for orifice 29 were inaccurate due to leakage and are not presented. 




TABLE IV.- DATA 3 FOR 140° CONE; M w = 4.63 - Continued 
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were inaccurate due to leakage and are not presented. 




TABLE IV. - DATA 3 FOR 140° CONE; M« = 4.63 - Continued 
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Conversion factors: 1 inch = 2,54 cm; 1 psf - 47.88 N/m . 

Data for orifice 29 were inaccurate due to leakage and are not presented. 




TABLE IV.- DATA 3 FOR 140° CONE; = 4.63 - Concluded 



Conversion factors: 1 inch = 2.54 cm; 1 psf = 47.88 N/m 2 . 

Data for orifice 29 were inaccurate due to leakage and are not presented. 




TABLE V.- DATA 3 FOR 160° CONE; M w - 2.30 
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Conversion factors: 1 inch = 2.54 cm; 1 psf = 47. 88 N/m 1 




TABLE V.- DATA 3 FOR 160° CONE; Moo = 2.30 - Continued 
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Conversion factors: 1 inch = 2.54 cm ; 1 psf = 47.88 N/m 



TABLE V.- DATA 3 FOR 160° CONE; M«, = 2.30 - Continued 
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Conversion factors; 1 inch = 2.54 cm; 1 psf = 47.88 N/m^, 




TABLE V.- DATA 3 FOR 160° CONE; M oO =.2.30 - Continued 
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Conversion factors: 1 inch = 2.54 cm; 1 psf = 47.88 N/m 



TABLE V.- DATA 3 FOR 160° CONE; = 2.30 - Continued 
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Conversion factors: 1 inch = 2.54 cm; 1 psf = 47.88 N/m 2 , 




TABLE V.- DATA 3 FOR 160° CONE; = 2.30 - Continued 
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Conversion factors: 1 inch = 2.54 cm ; 1 psf = 47.88 N/m 2 . 




TABLE V.- DATA 3 FOR 160° CONE; Moo = 2.30 - Continued 
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Conversion factors: 1 inch = 2.54 cm; 1 psf = 47.88 N/m 



TABLE V.- DATA 3 FOR 160° CONE; M«, = 2.30 - Concluded 
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Conversion factors: 1 inch = 2.54 cm; 1 psf = 47. 88 N/m 




TABLE VI.- DATA 9 FOR 160° CONE; Moo = 2.96 - Continued 
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onvers ion factors: 1 inch = 2.54 cm : 1 psf = 47. 88 N/m 






TABLE VI.- DATA 3 FOR 160° CONE; M„ = 2.96 - Continued 
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Conversion factors: 1 inch = 2.54 cm : 1 psf = 47.88 N/m 2 
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Conversion factors: 1 inch = 2.54 cm; 1 psf - 47.88 N/m 




TABLE VI.- DATA 3 FOR 160° CONE; = 2.96 - Continued 
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Conversion factors: 1 inch = 2,54 cm; 1 psf = 47.88 N/m 



TABLE VI.- DATA 3 FOR 160° CONE; Moo = 2-96 - Concluded 
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CONE; 
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Conversion factors: 1 inch = 2.54 cm; 1 psf = 47.88 N/m 




TABLE VII.- DATA 3 FOR 160° CONE; Moo = 3.95 - Continued 
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Conversion factors: 1 inch = 2.54 cm; 1 psf = 47.88 N/m 



TABLE VII.- DATA 9 FOR 160° CONE; M m = 3.95 - Continued 



Conversion factors: 1 inch = 2.54 cm; 1 psf = 47.88 N/m 



TABLE VII.- DATA 3 FOR 160° CONE; M«, = 3.95 - Continued 
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Conversion factors; 1 inch = 2.54 cm; 1 psf = 47.88 N/m 





TABLE VII.- DATA 3 FOR 160° CONE; M*, = 3.95 - Continued 
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Conversion factors: 1 inch = 2.54 cm; 1 psf = 47.88 N/m 




TABLE VII.- DATA 3 FOR 160° CONE; = 3.95 - Continued 
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Conversion factors: 1 inch = 2.54 cm ; 1 psf = 47.88 N/m 2 , 



TABLE VII.- DATA 3 FOR 160° CONE; Moo = 3.95 - Continued 
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Conversion factors: 1 inch = 2.54 cm : 1 psf = 47.88 N/m 




TABLE VII.- DATA 3 FOR 160° CONE; Mco = 3.95 - Concluded 
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Conversion factors: 1 inch = 2.54 cm; 1 psf = 47.88 N/m 
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rs: 1 inch = 2.54 cm ; 
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Conversion factors: 1 inch = 2.54 cm; 1 psf = 47.88 N/m 




TABLE VIII.- DATA 9 FOR 160° CONE; = 4.63 - Continued 
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Conversion factors: 1 inch = 2.54 cm ; 1 psf = 47.88 N/m 2 



TABLE VIII.- DATA 3 FOR 160° CONE; = 4.63 - Continued 
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TABLE VIII.- DATA 3 FOR 160° CONE; M« = 4.63 - Continued 
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Conversion factors: 1 inch = 2.54 cm; 1 psf - 47.88 N/m^ 




TABLE VIII.- DATA 3 FOR 160° CONE; Moo = 4.63 - Concluded 
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Conversion factors: 1 inch 




DATA 3 FOR 180° CONE; Moo = 2.30 
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Conversion factors: 1 inch = 2.54 cm; 1 psf - 47.88 N/m 




TABLE IX.- DATA 3 FOR 180° CONE; Moo = 2.30 - Continued 
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TABLE IX.- DATA 3 FOR 180° CONE; M„ = 2.30 - Continued 
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Conversion factors: 1 inch = 2.54 cm; 1 psf - 47.88 N/m^ 




TABLE IX.- DATA 9 FOR 180° CONE; M*, = 2.30 - Continued 
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Conversion factors: 1 inch = 2.54 cm; 1 psf - 47. 88 N/m . 




TABLE IX.- DATA 3 FOR 180° CONE; Moo = 2.30 - Continued 
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Conversion factors: 1 inch = 2.54 cm : 1 psf = 47.88 N/m 2 




TABLE IX.- DATA 3 FOR 180° CONE; Moo = 2.30 - Continued 
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Conversion factors: 1 inch = 2.54 cm; 1 psf - 47.88 N/m 




TABLE IX. - DATA 3 FOR 180° CONE; M» = 2.30 - Continued 
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Conversion factors: 1 inch = 2.54 cm ; 1 psf = 47.88 N/m 




TABLE IX.- DATA 3 FOR 180° CONE; Moo = 2.30 - Continued 
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cm ; 1 psf = 47.88 N/m 





88 


Conversion factors: 1 inch = 2.54 cm; 1 psf = 47.88 N/ro 




TABLE X.- DATA 3 FOR 180° CONE; 
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Conversion factors: 1 inch = 2.54 cm ; 1 psf = 47.88 N/m 2 
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Conversion factors: 1 inch = 2.54 cm; 1 psf - 47.88 N/m 




TABLE X.- DATA 3 FOR 180° CONE; M*, = 2.96 - Continued 
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Conversion factors: 1 inch - 2.54 cm; 1 psf - 47. 88 N/m^, 




TABLE X.- DATA 3 FOR 180° CONE; Moo - 2.96 - Continued 
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Conversion factors: 1 inch = 2.54 cm; 1 psf = 47.88 N/m 
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Conversion factors: 1 inch = 2.54 cm; 1 psf = 47.88 N/m 2 , 




TABLE X.- DATA 3 FOR 180° CONE; M m = 2.96 - Continued 
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Conversion factors: 1 inch = 2.54 cm; 1 psf = 47.88 N/m^ 




TABLE X.- DATA 3 FOR 180° CONE; M*, = 2.96 - Concluded 
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cm; 
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Conversion factors: 1 inch = 2.54 cm; 1 psf = 47.88 N/m 




TABLE XI.- DATA 3 FOR 180° CONE; Moo = 3.95 - Continued 



Conversion factors: 1 inch = 2.54 cm; 1 psf - 47.88 N/m 
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TABLE XI.- DATA 3 FOR 180° CONE; M* = 3.95 - Continued 



s' 

Cf:?:p:f:!:SS£SSSKKieSSS:i?SS2R8§S3SS|SaSS|||SSS3|5|S 
SS = SSS5!:£g:8fSS2SSSSCtS2K5SS3S?255?§R3SP?RSS|J5 




OL 

vO 

ir\ 

!_ 

tt ao(0fflfflff^e-o<-n-0'nJ«JmnrtNNiviNNNN---oj;9;l>OrtnN-9'O« 

£S£££££-£ffS-ay!£®-»'O0‘OOf‘'r*i0'(r' — p* £ — ; *';£P’Jl££2!XS£-5( — ££ 

ir\ 

r- 

if\ 


oooooooooo^^<>o : o : ^o : ®®^'*oooooooo°2;^2;^2;*“2--SS-S-- 

11 

CL 

CNJ 

j. J- J- ^ — «prirtM«>pri— — KN 

O 

o 

CL 


o 

O' 

11 

e 

CL 

O 






Sl 

CL 

®tcSco«cO'»<»®<CCDCO^^ fw ^' p * h " fw ' oa3 ® CD ® coa><ntC ® CD<t5f ^ h ‘ fwpto * h, ’ h '^ >0<oa3 ^ a3f ^ r * 


2 

^ZZi-+Z~~ — <sjrMfVjf'jrvj<\ir^^m,**ir\-* — — — — — — — — — 




5765.1 psf 

a 

CL 

OOOOOOOOC7't>^(>cr^^CDa3CDh->0OOOOO©OOOO0'O0 fc 0'<7‘a5«Dr-^OOOOC^® 

cg<\irM«NJrg<N**oJ^ — «-i — — — — — — — — 

ii 

Q. 

O^' 

CNJ 

oT" 

^ununiounSn^^O' — m<w<uKi«oo*rooo- — fypnu " f '5 a) r*^5:2lSSS!C2lSnm££S 

2S2 8S2i2JES53S.55S-SES2S82SSSS!5£P!5855S285::2SE!S5;S 

o<>oc*t7‘0 K C7‘a*<7‘Cr(?‘<7‘a‘a'^ff‘^oo®r-c7*<7 , ^a‘a‘00'C?'^^'^o&‘ao'C‘C7*a3«a‘crtro^^<> 

NO 

II 

e 

O 



l/l 

o. 

CL 

_.UNin l <NifN0>mr“ir>rtuNr~cr0'O®>c®>0r--<ir»»0>mr»ira<» , t‘ < «ff' — + + 

S22-2]2i22S©C'acor-^>n^OirviNMrMCNr^rM-^--ooc*®®«<5<riJJr-^^^ : -*^^ 

! 

e 

gggggggggggggggggggggggggggggssssssssilfis§gg 

HlsgsggSissssgsgsgssg-sgggsssssseKgsgssssss?; 

s/D 

OK'Oiftou'OiflOCiOK'Otf'owoinoiMno^oinOinOK'Oino^OiJ'OiJointjiOiftinoij 


c 

oooaooooooooooooooooooooooooooooooooaaooooooo 

OOOOOOOOOOOOOOftOOOOClOOOOOOOOOO'NOOOOOOOOnOOOrtO 

S 1 

<D 

.ooooooooooooooooooooooooooooooooooooooooooooo 

O 

U 

o 

_iNj f n<'in®r*®^o--fMfn-ruN^r^®o>o-t(v<n^«'>or»®0'0«c<m'rtn ; oh-20'0"-tsi« : jiA 
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Conversion factors; 1 inch = 2.54 cm; 



TABLE XI.- DATA 3 FOR 180° CONE; Moo = 3.95 - Continued 
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Conversion factors: 1 inch = 2.54 cm ; 1 psf = 47.88 N/m 




TABLE XI.- DATA 3 FOR 180° CONE; M* = 3.95 - Continued 
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TABLE XI.- DATA 3 FOR 180° CONE; Moo = 3.95 - Continued 
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Conversion factors? 1 inch = 2.54 cm : 1 psf = 47. 88 N/m 2 
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Conversion factors: 1 inch 




TABLE XII.- DATA 3 FOR 180° CONE; 
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Conversion factors: 1 inch = 2.54 cm ; 1 psf = 47.88 N/m 
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Conversion factors: 1 inch = 2.54 cm ; 1 psf = 47.88 N/m 




DATA 9 FOR 180° CONE; M«, = 4.63 - Continued 



s' 

— — -> — -*r-®o*v> — — — 

MUOOfflO'ONNKlIflKO' - •* f>- — IT> — — 0> — fMN-*UMTl®f*-®® — r>lfN« — 

7871.9 psf 

i 

CL 

<*1 ~ co — — — — f- f\i m « -o — m 

o----Nm^Of'OMuiiM<iO'fl#o-^io«OMi)fflcro-N^hO^O'MfOflirNmOir 

rM<NPa<»gfMrM^g<MMiNP4fM^rgrMfvrfM<M<NJNrap^CM<Mfsir4fNMNfsi<MfNfNfsjcsrfM<MrMrsiisjfg^rg<^rsrr4 

n 

oT 

0 

<=> 

evj 

t3f 

a" 

o^ifirtma^iro^Nin^^NinfM - ^ — ^^(vnnm®i^O'(7 O m ^ ^ ^aj^rsir^^rmir 

£C^^O-On^'fl’#^4-fl‘HNNhO«^N^-®a5^r<\rn-(nOfnc0^4srrgNOtt«-.a'-4'^ 

oo(7 , oo'C K ooo'Oty‘(ra'0'0'0'fiD®<Dr^ooo<ro*0'^0'Ooa'0'a-C'^aa‘a3cDOO'0000' 

LT\ 

II 

CL 

o 

^0'0‘CO k irO--6tNO^lA^ffl-*®K<nMNNNN«l*H*lO k ’tO'^OfVCOOh-OO^NO‘^C>»-« 

e 




2. 

CL 

N'»'««*O^N«0NON»lfl>f*n»-ON«<O*^ON«O*O(MB0'-mN<#O^M» 


S 

^m^^-^-pntN-»r^iN»^h-<iomkntf>m^O‘0'^C'r^f^rn-c>o®oo®o©cr(vcrfsjcrmc > Of^o^ 

hODO‘O k ^O^«Vimtf\^«Of , Ur. 

->«■• — -••(MfgNiMNNNnionPi'f.fift'O-'- - — -*»■ — .» -<— — -. iMNNnn^in^MNNNn 




7871.9 psf 

1 

rn — a>toco,0'*r>j^ma>c\jmd>r-'f — 0'r“-^r-Kr»(M<M<v<»3or''®0‘«\<(M<- — -»-a.#<siff'in-o-‘p«'> 

!DO^Kr-NhN^^«MA^fnfV*-0^4 , troO0-----<SifN^^i^N(7'M4)rr. ^*-^-r^>Crs/ 
o-»f\g(vpgm.«'Uir~5' — j-r~-'i^-‘r~-oorgi/vx>tfi'0'0-or~r'fflcp — hiAajojj— 

f-Om"'njj^rM(D + f<09'iv^«-N«r*fflOB--« + ^so''0«iiMiina)ir«rtNO'Oeo 
-*-*m' T 'mrg-* — acor-tf\rgOP“«0-<M<M-Or - -f~r-r-f-r--0'6in>f\<ri«n — ff..0<*iK0'tf\f-fn.f<M^-0 

r-f-f-r-p— f~r-r^.o-O'<i"0'O-fi'on>'t'» , '*'''r'-r-r-<>-r— r»-r"-r-r'-r~f»-r-r-.o,ooi/'-^< T 'r-^-or---j3i/\ 

ii 

04 

co ■o-'ir'icn — to-o-* o-»-4-f^*~h-rvji , “ro(C(sje'Oor~r-r->f\i/>MOi^(N»'OOtC'i5'7-f'r-vr'o — "^00 

O 
i r\ 


— o®-o<\i*-»0‘»«m«®®®mP»r"-.o.o>nr"i — 

n 

CL 

° 


e 




CL 

CL 

M'C0OO'J®('IO®O«OMnh-”M7'i/MAlMrC'9'ni<lh->l<l-mOONOl(\»0'^^nj- 



«a>CD*‘*-u"iaD©,cm^*<v©Om* , cvjO0Dmm-*'tf'# , f*ti^r*^>a3~*c0>*‘CC'Ocvj<\iN0iri'O^r'WN*'.*>»r\ 
>f4>f4^moO’ ^0'r«>r^<M^5^-osf'rNJO'<Nivr\ir<\iMf4r*-f^r^ofvj’^^ ^ o^ooia^o^n^ >r r- 


s 

r-«C33ooofvfv>j-Lrvr^a'^m'CO'rMr^r\ff40a'--'— -‘rsfrgrvjvfLr''Ococr n 4 cc (<i o a ^ cr — o* ^ 

'-*^^" # ^fMrvjrvjrgfs*fMr4#nmmm^rsr«r'NOo©-^— 

7871. 9 psf 

1 

o. 

•J , -«->®®'OO®c'jf“-.*l*tiri.d’-*r“0 > c'<'O.*OOf>-f'r'-U'tf'iir\fNJO , .©-*WOC'<0'»‘-tr\eor'g®tfN®c\iO' 
P-r-P'~.o. 0 -o. 0 u->u-i-^«»fn'M-"©®- 0 .»'O.r 0 ' 0 '®®®®< 0 «E®f'-r'-r"--£l' 0 irr'i — <r. <\jcc,or\j-oif '0 

!-OO(< , l('l'#MMHI'tni , 1lflO<B0‘^0®O^-'-^'f'»f'rf'#OnNI'IM'l0''»M^I*inN- 
»r^^-«(*\rv — o0‘r-'0^(M0'^>fMf'O-*'0®®®®®f'r~r~'0'0®j , m — 0‘u^o-‘^-'*^Mm<r® 

n 

oT 

0 

CM 

<=? 

a. 

0##»#NO.»(vo«Hii\»»»«o-^««ooo + '»^e m -o ^®®MeMtncn®®®(*t®rjr“ 

®^-Cf»i<i-i^0'^(MM^.HMON(0<t'nn - — -.®eD®om — rf>rnoO>«^i^J3^mJ-<nc>o' 

o' 

II 

CL 

o 






CL 

n^i , nnnnNNNN-*-ooff‘©Mn^o-#^^^«t-t-t»f^iriA^^NN-<o«4‘^fArtfANO' 

s/s* 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOCOOOOOOOOOOOO 
1 OOOOOOOOOOOOOOOOOOOOQOOOOOOOOOOOQOOOOOOOOOOOO 
; oK'omoifiOiroaiOK\omoii'OifiOiMAOiAO^owoiflo^o<ioifio^oifl'flOinino« 
■ o O — N(Nj(*%r>^^®iAi«o^p“®®»»o-<--(M<M(nm^4'if> ( n^^Kr«®®0'0'iNirp»(sjipir» 

s/D 

o^o^omoiAamo^o^o^oiAOiAiAOiAOinoinoireinotnoirio^o^ioOiAiAoin 

'0<^lA^OIMK>r*0(Ml^l«-0<MK'f“0<M®f^(S(lft^-0(M>nl«-0(MlAf“OCMtf'r>-0<NJ(Af-(SJlftt-(SiU>f>- 

s, in. 

ooooooooooooooooooooooooooooooooooooooooooooo 

nooooooooonoooooorioooooOooooooO'^onoonooQooooo 

S* 

■o 

o' 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

a>®®cecDQOCOoocO'n«>eocD®a30oao®cof fc -r-r--0'*>a* 

a 

L 

C 


-<fMri'^’»Ao^®cro^rgn^r^^r^«c7*o-^rgm'#'in'0r fc -®oo^rurA4 , iAoiN.®(7'O^pgrn^u^ 


109 


Conversion factors: 1 inch = 2; 54 cm ; 1 psf = 47.88 N/m 



TABLE XII.- DATA 3 FOR 180° CONE; Moo = 4.63 - Continued 
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Conversion factors: 1 inch = 2.54 cm; 1 psf = 47.88 N/m 2 





TABLE XII.- DATA 3 FOR 180° CONE; M m = 4.63 - Continued 
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Conversion factors: 1 inch = 2.54 cm; 1 p s f = 47.88 N/m 2 




DATA 9 FOR 180° CONE; Moo = 4.63 - Continued 



S 

o^'OrM^-Oh“^o©0*/>cr^^o©*^rvim<M4-»o^a;o'0*co®'C«<^mom<r«oo' — tsiO'^^ooo 

— ~ Nfgn(MNifN(n>f 

7871.9 psf 

I 

CL 

— <S(Miact-oo«o — 

,mr>r».a)0fg<r^0f>j'0«>(*vr'(*i0'.o^««>»oin^r><v-i0cocor^^-o«r-®0'^ — o-oino^-w^ 

rjf^^sifsirgr\j<NP^iSJ*MrgtM<V<sj*M<MtMfvfg^ojOMMfM<M<MfMfg*NfMPg<sjoHMM<MiNj^JMrsjrg<vjrgrvrvi 

tl 

CL 

O 

CM 

cT 

CL 

C^M'O^NHjnirinONN«NMfi>Oe‘«fOON^^a'^'00^-<Nf^^OONM<ltO^QOO^ 
aoa‘OLr^5f^®^*©^rM^^^OfM©'#’#coO'#0'f^a>fMh*^^^-— iri^n— — »rg 

-o^f^->?-^^a*<M<noor^o0^5— *'#'^^^romr^o<viCif-4Mrgiru*ir^^ii , '<Mrir ta -oa5mm^^-rvin 
■^•■*r**i^rsj<\j-* — ©oo k ®r^NO^m^coiri©NO«0'0^h-^r^(rcc<D<D<Ei<»cccDti)-dtr'©ir\^©s#-mo 

o 

11 

CL 

O 

« in -0 « r-*i->f*i.flco»Of>-tt> 

o 




CL 

CL 

in('j(?'NifHNi»iaainflD< r 'in5 l ff'OP'fnNa3int , ‘0‘Ofvi^inffi®oo-4rtr>cOh-^mo^^^^'ri^ 
— — OOOOC*0'CDto^f^^5Ln^^f\r--o^rsr<N<Mmm(^t^mrn^^^NtN#-mmfM^&‘^^®^oa: 

Si 

©00©0000000©000©©00©000©00000000©00©0©00©0000 
0©0r500000000000000000000©00000000000000000000 
oirOiAo*fiOi/'Oifiotf'Oi/>o^OiAO^>f'o^OK'0^oifioiroTOiAOM , 'OtriroiAiroir 
oO^ — PMfvr^fO**i/\U"i,fi.eh-^<Z>cocr'tf'©-*^<M<N*i*im*-s#-t^«n^OKr-<oa3C*fr<NL/>r , -<Minf- 

S/D 

omomOKioiroiiioiiioweinoiAOiiMAoinev'oiito^oinoMedoino^iroirinoiA 
□ oeO’ 1 '<’ < -<NMM'vni'ii<m44^4ooo^ri><riM^NNnniiin^i«'><4NnMNi<i 

s, in. 

©Qoooooooooooooooooooooooooobooooooooooooooo© 

©oooooor»o©r>'-»oooor>©ooo©ooor)Ooooooo©o©oo©oor»©oo 

ON^iAwoM^^fljnM^'fliooN^/iaiN^oaoflN^^aoN^^fljooj^iftoooo^on 

8* 

ooooooooooooooooooooooooooooooooooooooooooooa 

oanBaoooBaoooooooBooohNN^iMf 

0> 

o 

o 
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Conversion factors: 



DATA 3 FOR 180° CONE; Moo = 4.63 - Continued 



S 

iN<M^O k ^r-oo^ifsO‘/^rvr»no^OCO^OiAtf , k«#«VO‘»^r r irn^>'Oirii^rgrMrg»rtO(rO‘--^«n-«Kc® 
{n^o k ^miiMAiAtAa'C‘fn^9‘0'0't'-N«Bfv^O‘moono^»NNN^<no k -ini*u>«vMn-« 
^^3O^flD0‘O^«v^^'0cco<v>rr^ — — OO'O'cocor-Ojn^iriirif'ifvh-O'^mo'tf'^oin^ 

m<nmmnr^^'t4 > 'r^^'tf'^^un»n^^>h-trifnmtMrsrcMfyfgfvjfViN<<Nitvjfvjrg<Vfsm^rgNcsjfn^in 




to 

CL 

O' 

J 

Nn-ffl^OU' H -OOKMfOMO<-i-N10-PllM'0>f'f<«'--nn(n-flNnjNQ-tDOl<l(r 

irvK®0'-(<iiftf“m-n'00^»irN-*n(niMDhOiM*ici<M«ooo'ffO'orMimcinO-«-»c 

i"-.oio.i’m-<o»r~io.»<\iO'.0''''ff--»®!7'«o-‘f'»(Mm,»-ir»m.Oh-r-r~®®®r-.Or’\®,o-»f-P--<ma 

oo 

r— 

CL 

«niTitf>iA*TkiA»/\^^->f^^nrnmfNjcM-^o^o-0^)'b>£)^6v0ja«0'Os0^'0'0«0'0’0iri^^t0'6iri^^g 

<MrgiMfSHSJfV<MrNJfVN<MMrVCM*\JrNJ<*grgfvi^(Mr4rvf^N(Sl<Ni<Nf^CJf\jlNfVJfMrgfMfM<VI0JfNJ#MfyMrjr>j 

u 

CL 

CM 

cT 

tf> m r» — u-r-if>(»(<M*rnj^or>.r'«o<ff i oO'OM<i!'«--o^jtM®^-^ooo«c , ttjoof-o4-^aJh-^r» 
n>J-»inin^)^tEO'tO,OfM-»-iA<v4tnrn — - o — ioo-J-CT'a:a:^f-(si<sjKf^f'(N^,j'iMC)iy.rMP«o--0' 
r-pg»f»!M^<Mf-i\itri©<»'c<'>rr>-«oo i h»iO'Ci<v-#f-»'*.e-0^ — ■*-t'A<e>-o-rtr-0-r«a>-** — Mb® 
O'O-0'CrcrcD«0®<cc0aia3(E!XicDa0r~r~r'OC7-a’i7'tJ-c?0>O'»^C't7'iJ'tf > <J'i5'3'0'0'nDO'C'0'rDcE[O 

o 

CD 

CL 


lf\ 

0 

CL 

o 

O'©!/-, — -irMf*t,rio«» <m®o> — ®0®r^r'K\r--<ooif>-#^o‘io®®fo<^«*iooo'0®tot(t®r*trvj^(r> 

e 





m^^O‘N^A^»-<0'-4^p<^rt(nh*i<%^4 , '4 , O v tf>OtOrvj ^ ^O^rvNQsirNO^tAKNM o m <n m 


on 

CL 

Q- 

tfl^^O'^»<ldhflff‘iA^’t«DOO<J'in^rjinM3'OfVlhihN®on-^^OKO&‘ONd®i^^fvj 

^^0*flOffiCD«KNtO^'Oir^tt^^OCDU\000^^-«^-H<SJpsiNNrvJN-<«-'ff'h-^rg-«ro^m 


s 

»fi^iniAinoO'flDi f '0'fifflO^^^^'OirC'knoN^ointOfnv>o m ^o®r*«-I^Ninir. onm^ 
rv/^Gh^-r^cDr^rnO'O'r-r'Nj-^coco— ‘ODn^-trrvju^O'Ci^na — 

rr O' »tiAirtfttf\oO'nr*»i^fno^O»nc-hN»o cn^i'ic>rvh— »rgmi/Vvrk-*r«i*ir. r--*rgrg<i?o»rf- 
i/>-0^«oc^0^r^f*iirt'0®orv^» , ^0'mco^^oO'ODh‘mirij*irsi--o®Noirk^5cofnr>j^^ircD«Mc> 




LO 

cl 

o- 

■S 

in ® a* — — ^p*»«iftff'^’-^r»o®®®f~tri<<M©crr“>ri^m — oa>®o>-<f~o®ffl«o ®'0 

P'tr>^n-«©ff'p^iorO — ro’Cmo'U'o-^u' — 

oo 

r-. 



CL 

o ' 

CM 

cl" 

CL 

mo‘irMn^h*c4 , iA^^^-<iMO^ococoMnoo^miNN^i/\cr>tmcoNNnj'n>o^\fMACDOff'-o 
r^O'h-Psrf^(Ni^o*nmoo^^cc-<h»'t<Nm-rh» — ^“0‘>d''0-<^ooo^^co — 

-oooff , 0'®<ON>e>oin^rt-o©^(n*^^tt^jMrMr\tOOtOhhhe«a)N^NnmMO«w 

a , oa'^«««ffl®«cDa«sD«<0NNN'flff'0'^»0‘CO'a'^0'^0*i>a‘a'0‘0*^0'0 s ^^0'®cD 

ou 

CM 

It 

Q. 

O 






CL 

cST* 

ffliftO‘^inm-(*i^t , nin-N^(n^iopg^iriAOfM®ON«OM(a^^Nffl^®tOO{niruAi^fno‘p- 

0‘0'CD<DCDa3h-^>6N0uni^-^<rm<M-<a'r^vrOO— -^H^rvMfMiNr^^f^^^mmf^rvoooCT'Cor-.'f j 

^untripiAi^u>ir\ir\ifi^inirkin^iAir>^vf't-%0>fit0'0*0'O^'0N0^'O'0'0*0N0'0'O'0^ON0ir>vAtA^ 


S 

pjopg^p~«-0 — m <\i ® ® o — — «-*r^o©o^j»»>iM' 0 ^-c-' 0 r'h-« 0 (Micip-P'«r'O<M' 0 J'<MiMrg (0 

iC'^5®©cr-«i , vjr>t^'of~o-.Minr~Ocn®^3 — oo'®oir>4-r\iOO'^-tf'-»-r' — 

7871.9 psf 

l 

CL 

pg«M-.--».o®a®^-K®ip>^-(»ievo®io^(<>fM--o<>®t > -®>o^'(»>M — — oeonoKnomN-o 
in®o — — 

♦ ^ono , fflCcnN-'»'aa'C(<i'»Mmfi»noc«-Ki(>(»iO'»Nc-miim4 + NNBooio 
— 0'®0-4-<NOf~4 i — ®>J-©rr,v»-©-‘m'*'tf\0®<7'OiM(»i^iOOr'r-«f'^'(o(?'iO^>0^>»' 

lA»ntfV»fun^^^-d ; ^4 , ^mfhNN^^Ol7'4)t0 1 0^45^-0NSh.NSh*NM^Kf‘>0«M^'nM^^ 
rNJfMrgttojtNJfgcNjrsJOJfvJfgfMcgrstrg^fgNtVfg m rg n N N m fsjoaMfsjfofvjoj porsj n im rg N m n 

n 

o. 

CM 

usf^ir\er**a'^o<M'f>o<NOir\vr\©co»f\r^<?'<\r^O‘^rv<'nwnoh-< , n-i'0 — ^nfflfl^-CHNMsninrg 

fla‘0^’Ofs/mo«Nc60-fno'notrt7'Mn^®flON^irsffitco^ ^t^o-o 

p-0'iA<M^ou%oOfnun'045^>^c^rgcrf-*<omoDOir\OtfNoinofMf-(Nw , >r-OfMOf ta “if»ff , i-«0'rNrj\C 
— <Ooocr^®r^h'g3un>#-r«npg — occ\r>rvjr-r^p^<r<ftAir\LOo^r^r-ccaicDO(7'[7'r-->trg— in-^qn- 
Cr^O s ‘Cr*coaocDcoo3cDCocDODaoaDf^r-r^r-^o'a'OCrc7'ChO(7'f>ij'cra'a'CrP'0'C7‘C'0'CT K (Xooc7'<7'cc 

o 



o 

It 

CL 

o 

0'iA'0^rg«oo'^A<Moo»^>or^cr 'Oo3'Oiriinfn{>mnN*- ( -coo' x^r\^oOi^CiAi\M-«®330'ON 





on 

CL 

CL - 

tnfr,orgrg«O'0{»o — m^^^wnr^rne-iTi — i^mco^-^'0-<<no k 
^-o^mcDiAOir--'fln‘rnso^®^m^v50^^a3-.^Not\MneDo-*mir»*'^^QNpN?nc 1 f. 
iftunirkini^»rN^tiAi/N 1 A^triiAin^tfvin^># i >#*N0s0g5^^^>>0v0^^>0'0N0«og5g3Os0>0>0^t/>iriu>i^ 

s/s* 

ooooooooooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooooo 

Otno'AOiAOino^oi/'OtAOinotnon'inoiAOihOtcoinoiAOiAOirotnotAtnoininoin 

©0*-^<M<M^rk^>r^^O'0'Or^P*'CD«^(>0^--rMrN»^t*i^^^tA>o^Kp**<»a3i>C'rg»rsh-rMiAr^ 
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o' 

ooooooooooooooooooooooooooooooooooooooooooooo 

®C0C0a>CDG0CD0Dfl0C0C0CC3C0aD®CDC0CDCaf-^r-O{>^ 
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o 
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Conversion factors: 1 inch = 2.54 cm; 1 psf = 47,88 N/m 




TABLE XII.- DATA 3 FOR 180° CONE; Moo = 4.63 - Concluded 
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a;« 0 ®©Oiriir'«o>oo®® — 00 <#oom«(MM)'ni>ooK'in^« - 

ni^mnn' i»» r«* m r»^ m m ^ j- .* ^ ^ -fr.Tvf'-eis: — — -I -»■ 






1.9 ps 
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O- 



o 

O' 

II 

Cl 
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o. 

CL 
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S5«S^o£;O°Sln?«5-n°NONNNIM-------Nn*«<I)--0tf'N-K'OI'S 
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i 

CL 
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II 

CL 
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O 
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CL 
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7i 

aoooooooooooooooooooooooooooooooooooooooooooo 
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Conversion factors: 1 inch = 2.54 cm; 1 psf = 47.88 N/m 2 



Orifice 

number 

e , deg 

s/D 

s/s* 

140° 

cone 

160° 

cone 

1 

0 

0.000 

0. 0000 

.0000 

2 



.025 

. 0471 

.0493 

3 



.050 

.0943 

.0985 

4 



.075 

. 1414 

.1478 

5 



.100 

. 1886 

. 1971 

6 



.125 

.2357 

. 2463 

7 



.150 

. 2829 

. 2956 

8 



.175 

.3300 

. 3448 

9 



.200 

. 3772 

.3941 

10 



.225 

.4243 

.4434 

11 



.250 

. 4715 

. 4926 

12 



.275 

. 5186 

. 5419 

13 



.300 

.5658 

. 5912 

14 



.325 

.6129 

.6404 

13 



.350 

.6601 

.6897 

16 



.375 

. 7072 

. 7389 

17 



.400 

. 7544 

. 7882 

18 



.425 

.8015 

.8375 

19 



.450 

.8487 

.8867 

20 



.475 

.8958 

. 9360 

21 



. 500 

. 9430 

. 9852 

22 

180 

.025 

.0471 

. 0493 1 

23 



.050 

.0943 

.0985 

24 



.075 

. 1414 

. 1478 

25 

Y 

. 100 

. 1886 

. 1971 


O rifice 
number 

e, deg 

s/D 

s/s* 

140° 

cone 

160° 

cone 

26 

180 

0. 125 

0. 2357 

0. 2463 

27 



.150 

. 2829 

. 2956 

28 



.175 

.3300 

.3448 

29 



.200 

a . 3772 

.3941 

30 



.225 

.4243 

.4434 

31 



.250 

.4715 

.4926 

32 



.275 

.5186 

.5419 

33 



.300 

. 5658 

. 5912 

34 



.325 

.6129 

.6404 

35 



.350 

.6601 

.6897 

36 



.375 

.7072 

. 7389 

37 



.400 

. 7544 

. 7882 

38 



.425 

. 8015 

. 8375 

39 



.450 

. 8487 

. 8867 

40 



.475 

.8958 

. 9360 

41 



.500 

.9430 

. 9852 

42 

270 

.125 

. 2357 

.2463 

43 



.250 

.4715 

.4926 

44 



1375 

. 7072 

.7389 

45 



.500 

.9430 

. 9852 

46 

90 

.125 

.2357 

. 2463 

47 



.250 

.4715 

. 4926 

48 

. 


.375 

. 7072 

. 7389 

49 

T 

. 500 

. 9430 

.9852 


a D at a for orifice 29 on the 140° cone 


were inaccurate due to leakage. 




(a) 140° and 160° cones. 

Figure 1.- Model details and pressure-orifice locations. (Dimensions are presented as fractions of base 
diameter D and total surface length s*.) 
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Figure 2.- Effect of cone angle on pressure distributions for = 2.96. 0 = 0.0°. 
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Figure 2.- Continued. 
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Figure lr Concluded. 
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Figure 3.- Comparison of experimental and theoretical pressure distributions for cone models at a = 0° and Moo= 2.96. 



(a) Mjo = 2.30. 

Figure 4.- Effect of angle of attack on the pressure distributions of the 140° cone. 
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Figure 4.- Continued. 





124 


Figure 4.- Continued. 
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(a) Moo = 2.30. 

Figure 5.- Effect of angle of attack on the pressure distributions of the 160° cone. 
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Figure 5.- Continued. 
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Figure 
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Figure 6.- Effect of angle of attack on the pressure distributions of the 180° cone (flat disk). O = 0.0°. 
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180 
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Figure 6 Concluded. 
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Figure 7.- Effect of Mach number on the pressure distributions of the 140° cone. 
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Figure 7.- Continued. 
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Figure 7.- Concluded. 





istributions of the 160° cone. 0 = 0.0°. 
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Figure 8.- Concluded. 
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Figure 9.„ Effect of Mach number on the pressure distributions of the 180° cone (flat disk). 
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Figure 9.- Continued. 



II 
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Figure 9. - Concluded. 




0, deg 



Figure 10.- Circumferential pressure distributions for the 140° cone at two angles of attack and M*, = 2.96. 
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Figure 11.- Circumferential pressure distributions for the 160° cone at two angles of attack and M*, = 2.96. 
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o, deg 


Figure 12.- Circumferential pressure distributions for the 180° cone (flat disk) at two angles of attack and = 2.96. 
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